Abstract: Shipboard operations as a hazardous process require the human element to be aware of any operation risks. Since the concept of human error exposed to ample arguments, the introduction of human element concerns to practices rather than other means is essential because the provenance of accidents is human error. HRA (human reliability assessment) is a theoretical framework to assess the human actions for predicting the potential human error probability of a certain given task or operation scenario. Furthermore, surveillance of the human performance is through the task by steps and sub-steps. The CREAM (cognitive reliability and error analysis method) tool is the second generation of HRA which emphasizes the features of the context and utilized as retrospective and prospective tool. The paper illustrates the basic and extended version of CREAM and its suitability for critical shipboard operations safety assessment.
Introduction


The maritime transport system is four times riskier than air transport. Over the last four decades, the shipping industry has concentrated on developing ship structure and the reliability of ship systems in order to decrease the rate of casualties and increase proficiency and productivity. It is important to mention that 67% of accidents in the mentioned period are related to human erroneous activities even there are dominant international conventions and codes, which entered into force such as STCW, ISM code, etc. [1] .
The spine of a maritime system or any organization is the human element; in that human element is the operator anyway. As far as human operation is taking place in a difficult environment, errors will occur, and its possibility increases. Since the human factor is one of the main concerns of safety and total safety standards, HRA (human reliability assessment), could be applied to be the way to identify how reliable the operator to achieve a given action with estimation of the probability of human errors for a certain task or operation.
Since approximately 50 years, HRA concentrated on the human actions and involved to predict human error rate as hybrid techniques or tools. It falls inside the field of human factors and it has been defined as:
-The application of relevant information on human characteristics and behaviours to the design of objects, facilities, and environments that people use‖ [2] .
HRA has three main purposes: recognizes human errors, predicts their probability, and minimizes the likelihood -if needed‖. The human reliability defined as:
-The probability that a person correctly performs an action required by the system at a required time and that he does not perform any extraneous activity that can degrade the system‖ [3] .
The HRA framework frequently uses the concept of HEP (human error probability). It identifies errors and weaknesses in an operation by exploratory procedures The primary of HRA tools was the first generation that developed to use by risk assessors in quantifying the probability of human error in different applications [4] . The widely used tools of the first generation were: THERP (technique for human error rate prediction), HEART (human error assessment and reduction technique), ASEP (accident sequence evaluation program), and SPAR-H (standard plant analysis risk HRA method). The tools of first generation emphasize quantification in term of (success or failure) of activities, but the first generation tools have less consideration to human behaviors, which are required in maritime operations [5] .
Kirwan (1998) checked the validation of 38 HRA tools and categorized them into five classes taxonomic approaches psychology-based tools, cognitive modelling e.g. CREAM, cognitive simulations and reliability-oriented tools e.g. FMEA (failure mode and effect analysis) [4, 6] .
The second generation of HRA tools has been established to recover the disadvantages and weak points of the first generation by utilizing the cognitive methods, denoted by HRA tool CREAM (cognitive reliability and error analysis method). CREAM is a second-generation HRA tool if compared to other tools; it takes another approach to human reliability assessment because the details of events in terms of success or failure (first generation tools) of actions are an oversimplification of human performance consequences [4] .
CREAM
CREAM is one of the main examples of so-called second-generation human reliability method. It was designed to take a better form of context than the former first generation tools. It was initially established from the COCOM (cognitive control model), and offered applied approach to both performance assessment and errors likelihood. In addition, this tool offers reliable error classification system integrating all individual technological and organizational factors.
CREAM is retrospective analysis tool of a historical occurrence and a prospective analysis tool of a high-risk critical operation/task. It is different from old-style HRA tools, which emphasize the result binary actions, the CREAM inspects the environmental context in which humans operate and evaluate actions utilizing a difference between competence and control (competence discusses what a person can do, while control refers to how competence is applied). The CREAM tool, distinguishes between actions (phenotype) and possible causes (genotype) [8] .
There are two versions of CREAM to calculate HEP basic version and extended version. Basic version offers a primary screening of human error, to realize the probability of error. While extended version uses the outcomes of basic version to obtain the detailed value of the probability of error [4] .
CREAM introduced nine CPCs (common performance conditions) ( Table 2 ). CPCs constructed the basis of identifying the condition of likely performance. The features of the different conditions were revealed by four control modes (Scrambled, Opportunistic, Tactical, and Strategic) (Fig. 1 ).
The Relation between CPCs and Control Modes
The assessors use Table 1 to find out the score of CPCs for a certain task by counting the number of reduce, not significant, and improve performance reliability which is stated by ∑ reduce , ∑ not significant , and ∑ improve . The CII (context influence index) which is equal to ∑ reduce minus ∑ improve of CPCs scores CII = ∑ reduce -∑ improve (1) [7] The values of CII indicate the control mode through using Fig. 1 , if the score of CPCs is not significant, i.e., there is no effect upon human performance reliability, so it can be discounted and ignored [7, 8] .
CREAM Basic Version
The basic version of CREAM is divided to three main steps:  HTA (hierarchical tasks analysis)
This step is to identify the operation task in accordance with a scenario and break the task into steps and sup-steps under the HTA;
 CPCs evaluation
The objective of this step is to apply task steps to CPCs Table 2 in order to calculate the CII by utilizing Eq. (1). Expert's opinion is required to obtain the level of CPCs of certain task steps, by using -opinionnaire‖ then collect the results and use the means of results. The opinionnaire is performed according to the specifics organization structural conditions (creation of questions about CPCs, and transform the answers into numerical terms to achieve the level of the CPCs);
 Find the control mode error interval determination
The calculation CII and using Fig. 1 , indicate the control mode, the interval of HEP, and the probability of the human error as a result. The HEP is an initial conclusion and screening of the human failure actions [8] .
When the sum of reduced CPCs is equal to the sum of improved CPCs, the value of CII is zero, i.e. CFP in this case is considered as a basic value (Nominal Cognitive Failure Probability) and stated as (CPF 0 ). It is identified that the increase of CII value means the increase of the sum of reduced CPCs (Fig. 1) and the value of CFP as a result [7, 8] .
There is a correlation between CFP and CII defined by the following equation:
Log (CFP/CFP 0 ) = k.CII (2) where, k is a constant coefficient.
The constant coefficient (k) is calculated as following:
Log (CFP max /CFP 0 ) = k.CII max Log (CFP min /CFP 0 ) = k.CII min i.e. Table 2 the maximum sum of CPCs is nine (reduced) and the minimum is seven (improved) CII max = 9 and CII min = -7.
As per Table 1 The basic version as mentioned is a screening stage and qualitative classification of CPCs only, and it is not a quantification process. To perform a detailed reliability assessment the Performance Influence Index PII of CPCs that set by judgement of experts should be calculated. PII was used to calculate the quantitative effects of CPCs rather than qualitative effects, so CII in the extended version can be calculated by Eq. (6) CII = ∑ 9 i=1 PII (6) [7, 8] PII of CPCs, which must be adjusted by expert judgement, is listed in Table 2 for nine CPCs.
CREAM Extended Version
The extended CREAM version recognizes error modes of the four cognitive functions (observation, interpretation, planning, and execution) [10] . Extended version of CREAM is essential in cases where the general action probability of the basic method is unacceptably or when the uncertainty is large. In the extended version, the task requires to be divided into sub-tasks or sub-steps and each sub-step can be matched to one of 15 pre-specified cognitive activities (Table 5 ) and identify cognitive failure type (Table 4)  Possible failure modes of cognitive functions Identify the cognitive activities, generic failures type related to the cognitive functions, which are selected from a list of failures (Tables 4 and 5 ). CII for each main step of the task has been found, so using Eq. (5) CFP 0 to find the adjusted CFP. The main purpose of this step is to state the Cognitive Profile considering the dependences between cognitive activities and COCOM functions Table 5 [2] .
 Finding human error probability Source: Refs. [4, 10] . Table 3 The rule to find HEP of operation task by HEPs of sub-tasks. Assess the failure probabilities for the identified cognitive function failures. The nominal values of probabilities are presented in Table 4 , and adjusted, it considers the effects of CPCs (identified in basic version). It will be beneficial to construct a table collecting the assessment task's sub-steps elements (sub-step-cognitive activity-cognitive function-generic failure type-nominal CPF or CPF 0 -CPF adjusted ) of the extended version. To find HEP the operation task's sub-steps in HTA which included in the mentioned table should be reviewed and conducted. Moreover, check the dependence of the sub-tasks according to the rule (Table 3 ) [12] .
Relation between sub-tasks
The Suitability of CREAM for the Shipboard Operations
Ships safety is a critical process, and vessel's crew is acting as a safety regulator through their performance on board ships for the safety process. Indeed safety depending on the human performance standards for decreasing the risk of human errors, not only the ships operations, but the maritime industry as general, the 
Conclusion
Human CREAM is a fixable and promise tool of HRA able to use in different fields.
